This research uses our previously-developed smartphone camera-based heart rate change analysis system to survey the correlation between weather patterns and the autonomic nervous activity across a big data set of approximately 200,000 entries. The results showed a trend in which a significant decrease was seen in sympathetic nervous activity in both males and females-the higher the temperature. In addition, a significant increase was seen in the sympathetic nervous system in both males and females-the higher the atmospheric pressure. Lastly, a significant decrease was seen in the sympathetic nervous system in both males and females-the more precipitation there was. These results accord with prior research and with human biological phenomena, and we were able to use a data set of approximately 200,000 entries to statistically demonstrate our hypothesis. We believe this represents a valuable set of reference data for use in the health care.
Introduction
It has long been recognized that modern society is stressful. If human beings are subjected to stress for a long period, the functions of autonomic nervous system and the endocrine system, which control the adrenocortical hormone, will be seriously influenced [1] . The autonomic nervous system controls the balance between the sympathetic nerve activity, which responses for maintaining the tension and excitement, and the parasympathetic nerve activity, which responses for maintaining relaxation. Therefore, it is very important for self-management to routinely recognize the state of our autonomic nervous system during everyday life [2] .
The typical non-invasive technique for measuring autonomic nervous system uses a small, specialized heart rate sensor [3] , or a fingertip pulse wave sensor [4] . These devices are used to measure RR interval (heartbeat interval) and peak interval (a value corresponding to the RR interval that is detected from the pulse waveform) [5] , whereupon heart rate variability analysis is performed to calculate sympathetic nervous and parasympathetic nervous activity indicators [6] . These systems use Fast Fourier Transform (FFT) [7] to calculate the autonomic nervous activity from RR interval data in one to five minutes.
However, all these products use extremely expensive, specialized sensors and systems to measure RR intervals and pulse wave peak intervals. Thus, the hurdles to their use by the general public are high. Because of this, measurement of autonomic nervous system conditions has been limited to specialized facilities such as hospitals.
During previous research, authors developed a simple and precise measurement system that does not rely on specialized devices, but utilizes the camera of smartphones sold on the general market [8] . In this system, the device camera is placed on the tip of the finger for a short amount of time (just over 30 seconds), where it detects the pulse waveform peak interval from luminance changes in blood flow. Then, heart rate variability analysis is performed to measure the detailed conditions of the autonomic nervous system, namely, its balance and amount of activity (total power).
This system is currently being put to use by approximately 1,000,000 users (as of March 2016) [9] as an App for their iPhone (Apple Inc.) [10] or Android device (Google Inc.) [11] .
Up to this point, autonomic nervous system measurements have been mainly conducted at hospitals, laboratories, and other facilities, using specialized sensors and equipment. Thus, the number of possible measurement subjects was limited to few hundred people at most. And as measurements were conducted under a particular set of circumstances, they cannot be considered an accurate representation of autonomic nervous system in daily life.
The system utilized in this study, however, is able to easily measure a large amount of data at any time, any location, and after any activity, giving researchers an understanding of autonomic nervous system conditions under everyday circumstances.
The authors used this system in previous research to investigate the relationship between autonomic nervous system and age and BMI, based on approximately 100,000 entries of autonomic nervous system data. This study found that the autonomic nervous activity decreases significantly as age and BMI increase [12] . The authors also published a study on the diurnal variation of autonomic nervous system, based on approximately 100,000 entries of autonomic nervous system data [13] . The results of these studies are consistent with results obtained using specialized sensors and measurement equipment.
While there is a comparatively high volume of research [14] [15] on the correlation between atmospheric temperature (one aspect of weather) and changes in the human body, there remains little research into other factors like atmospheric pressure and precipitation.
Studies on all of these factors have involved small samples sizes, so there was as yet no research that utilized a big data set of several hundreds of thousands of entries to analyze the relationship of weather to the autonomic nervous system. This research uses an unprecedented set of approximately 200,000 entries of data on the autonomic nervous system and analyzes it according to the three parameters below.
• The relationship between autonomic nervous system and atmospheric temperature • The relationship between autonomic nervous system and atmospheric pressure • The relationship between autonomic nervous system and precipitation
Methods
This study employed a heart rate variability analysis system utilizing the camera of smartphones [8] . In this system, the smartphone camera is placed against the tip of the finger, where it continuously acquires data on the luminance of the skin. If the finger is lifted from the camera, the system displays a warning message. A pulse wave is derived from the changes in luminance, and the peak interval (corresponds to the RR interval) is detected from that pulse waveform. Then, frequency analysis is performed on peak interval fluctuations to calcu-late the autonomic nervous system indicator. This system is outlined in Figure 1 .
The frequency analysis conformed to the procedure described in [6] , with the low frequency component (LF) calculated as 0.04 Hz -0.15 Hz, and the high frequency component (HF) calculated as 0.15 Hz -0.4 Hz.
LF/HF values are used as indicators of sympathetic nervous activity, as well as indicators of tension, stimulation, and stress [6] .
This paper analyzes the autonomic nervous system data of 53,800 subjects (17,474 males and 36,326 females). Measurement data was used with the consent of the subjects, in accordance with the ethics regulations of WIN Frontier Co., Ltd.
Subject age (in tens of years) and sex are displayed in Table 1 . IBM SPSS Statics Version 22 was used for this study's statistical processing. The significance level was set to 5%.
The Relation between Autonomic Nervous System and Atmospheric Temperature
This research surveys the relationship of atmospheric pressure to autonomic nervous system. Data on atmospheric temperature averages was downloaded from the Japan Meteorological Agency's website [16] and the date of measurements and data from each prefecture tied to measured values by city as grouped by ordinance-designated city. The temperature intervals were grouped around days measuring 25 degrees Celsius, or what is called a "summer's day" [17] , with categories for days below 25 degrees and above 25 degrees, respectively. Data by temperature category is seen in Table 2 . It has been reported that treating LF/HF, an index of sympathetic nervous activity, as a logarithm normalizes data [18] , so LF/HF for each data entry was converted to the LnLF/HF logarithm, and the difference in population mean between each was analyzed. Results for males are seen in Table 3 and Figure 2 , and those for females in Table 4 and Figure 3 .
The results show a trend in which there is a significant drop in sympathetic nervous activity in both males and females the higher the temperature is (P value: <statistical significance 0.05).
In general, it is understood that in cold weather, the effects of the sympathetic nervous system constrict the blood vessels and prevent the body from dispersing heat; in warm weather, the parasympathetic nervous system expands the blood vessels and causes the body to perspire, thereby decreasing body temperature [19] . This research hypothesized that a similar biological phenomenon would be present in the autonomic nervous system and manifest similar heat-and cold-prevention mechanisms. We were able to utilize a large set of 200,000 entries of data to statistically demonstrate this.
We believe this represents an extremely useful set of reference data that can be used for adjusting day-to-day lifestyles to account for temperature increases, to control health, et cetera.
The Relation between Autonomic Nervous System and Atmospheric Pressure
In this section, we examine the relationship between atmospheric pressure and the autonomic nervous system. Data on atmospheric pressure averages was downloaded from the Japan Meteorological Agency's website [16] and the date of measurements and data from each prefecture tied to measured values by city as grouped by ordinance-designated city. The pressure intervals were grouped around readings of 1013 hPa for one unit of pressure, with categories for days below 1013 Hpa and above 1013 Hpa, respectively. Data by pressure category is shown in Table 5 . LF/HF for each entry was converted to the LnLF/HF logarithm, and the difference in population mean between each was analyzed. Results for males are seen in Table 6 and Figure 4 , and those for females in Table 7 and Figure 5 .
The results show a trend in which there is a significant increase in sympathetic nervous activity in both males and females the higher the pressure is (P value < statistical significance 0.0.5)
According to prior research, low pressure systems associated with weather irregularity increase parasympathetic nervous activity, such as in bradycardia, decreased granulocytes, increased lymphocytes, decreased urinary adrenaline, et cetera. The body becomes sluggish and one feels depressed [20] [21] in high pressure systems associated with fair weather, there is increased sympathetic nervous activity, with exacerbated release of dopamine in the corpus striatum, exacerbated release of peripheral catecholamine, et cetera, causing one to feel comfortable and at ease [20] [22] . In this way, this research shows similar trends to those found in prior research, and we were able to successfully use the data set of approximately 200,000 entries to statistically demonstrate this autonomic nervous system function. We believe this represents an extremely useful set of reference data that can be used for adjusting day-to-day lifestyles to account for atmospheric pressure changes, to control health, et cetera.
The Relation between Autonomic Nervous System and Precipitation
In this section, we examine the relationship between precipitation and the autonomic nervous system. Data on atmospheric pressure averages was downloaded from the Japan Meteorological Agency's website [16] and the date of measurements and data from each prefecture tied to measured values by city as grouped by ordinancedesignated city. The precipitation intervals were grouped around 10 mm of precipitation in a 24-hour period, with categories for days below 10 mm and above 10 mm, respectively. Data by precipitation is shown in Table 8 .
LF/HF for each entry was converted to the LnLF/HF algorithm, and the difference in population mean between each was analyzed. Results for males are seen in Table 9 and Figure 6 , and those for females in Table 10 and Figure 7 .
The results show a trend in which there is a significant increase in sympathetic nervous activity in both males and females the more rain there is (P value < statistical significance 0.05).
In general, it is understood that on days with fair weather, there is more oxygen in the atmosphere, and this increases oxygen pressure in the bloodstream, causing the body to prioritize sympathetic nervous activity; by contrast, on cloudy days with poor weather, there is less oxygen, and this decreases oxygen pressure in the bloodstream, causing the body to prioritize parasympathetic nervous activity [20] - [22] . This research hypothesized that a similar biological phenomenon would be present in the autonomic nervous system. We believe this represents an extremely useful set of reference data that can be used for adjusting day-to-day lifestyles to account for precipitation changes, to control health, et cetera.
Conclusions
In this research, we used our previously-developed smartphone camera-based heart rate change analysis system [8] to survey the correlation between weather patterns and the autonomic nervous system across a big data set of approximately 200,000 entries. The results showed a trend in which a significant decrease was seen in sympathetic nervous activity in both males and females-the higher the temperature. In addition, a significant increase was seen in the sympathetic nervous system in both males and females-the higher the atmospheric pressure. Lastly, a significant decrease was seen in the sympathetic nervous system in both males and females-the more precipitation there was. These results accord with prior research and with human biological phenomena, and we were able to use a data set of approximately 200,000 entries to statistically demonstrate our hypothesis. We believe this represents a valuable set of reference data for use in the health care.
Our smartphone camera-based heart rate change analysis system [8] is accreting several tens of thousands of new data points on the autonomic nervous system daily. Once the data exceeds one million entries, we believe we will be in a position to conduct a more fine-grained analysis of the impact of autonomic nervous system function in daily life.
